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Abstract: The synthesis of 2,15-bis(diphenylphosphino)-hexahelicene (PHelix) in 
enantiomerically pure form and its use as a helical ligand for enantioselective rhodium- 
catalyzed hydrogenation are described. © 1997 Elsevier Science Ltd. 

Transition metal catalyzed enantioselective reactions traditionally make use of chiral auxiliaries having 

central, planar or axial asymmetry. ~ In many cases the chiral auxiliaries are phosphanes, although nitrogen- 

containing compounds have also emerged as useful ligands. 2 Interestingly, to date no examples of 

enantioselective catalysis based on helical diphosphanes are known. Recently, Brunner et al. reported the 

synthesis of 2,15-bis(diphenylphosphino)hexahelicene 5 in racemic form. 3 However, the antipode separation 

required for application of this chiral diphosphane in asymmetric catalysis was not achieved nor were metal 

complexes prepared. 3 We report here our independent efforts in this novel field, namely the synthesis of 5, 

which we call PHelix, 4 its X-ray structural analysis and its antipode separation, as well as the first application in 

enantioselective metal catalysis. 5 

The key intermediate in our synthesis of rac-5, which starts from compound 1, is the known dibromide 

rac-4, 6 the preparation of which was improved as shown below. Lithiation and reaction with Ph2PC1 then 

provided rac-5 in 35 - 40 % yield following chromatography over SiO2 (pentane/ethyl acetate 5 : 1) and 

recrystallization from diethyl ether. 
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Crystals of rac-5 were analyzed by X-ray crystallography. 7 Figure 1 shows the twisted helical form of the 

carbon backbone, which is geometrically quite similar to the structure of hexahelicene itself, s The two 

phosphorus atoms span a distance of 6.481(1) ,~ [P1---P2], which is much longer than the 4.6 ,~ predicted on the 

basis of force field calculations) 
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Fig. 1 Molecular structure of 5: a) side view; b) top view 

Chromatographic resolution of the diphosphane into its enantiomers was difficult because of partial 

decomposition on the HPLC column. However, the antipode separation of rac-4 was achieved on a preparative 

scale by HPLC using a chiral stationary phase (Chiralcel, 20 [xm), the mobile phase being n-heptane/2-propanol 

(99.5 : 0.5). Starting with 203 mg of rac-4, a total of 144 mg of pure product was separated, equivalent to a yield 

of 71%. 81 mg of (-)- and 63 mg of (+)-2,15-dibromohexahelicene were obtained in >96 % ee. On the basis of a 

comparison with the sign of the optical rotation of other substituted [6]-helicenes, 9 it may be concluded that 

(-)-4 and (+)-4 possess the helical M and P configurations, respectively. (-)-4 was subjected to 

lithiation/phosphinylation, yielding optically active (-)-5 in essentially enantiomerically pure form (>98 % ee as 

shown by chiral HPLC analysis). Although the sample contained a small amount of Ph2PPPh2 as a side product, 

it was treated with the stoichiometric amount of Rh÷(COD)zBF4 - to form the corresponding complex 5- 

Rh+(COD)BF4 -. This was used in situ in a preliminary experiment directed toward testing enantioselective 

hydrogenation of itaconic acid ester 6. Hydrogenation was performed at room temperature with 0.1 mol-% of 

the catalyst in CH2C12 as solvent and a H2-pressure of 1 arm. The mixture was worked up and the product 7 

analyzed by chiral GC (30 m GTA). 54 % of 7 formed with an enantiomeric excess of 39 % in favor of the S- 

enantiomer. In view of the nature of the impurity, this value is a lower limit. 

H3COOC ~ j~COOCH3 

CH3 I I  H2 ~ ~COOCH3 
cat. H3COOC- v 

6 7 
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In summary, we have demonstrated for the first time the utility of optically active helical diphosphanes in 

enantioselective transition metal catalysis. Optimization and applications in other catalytic reactions are in 

progress. 
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